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Abstract
Introduction The pathophysiology of sepsis-associated delirium
is not completely understood and the data on cerebral perfusion
in sepsis are conflicting. We tested the hypothesis that cerebral
perfusion and selected serum markers of inflammation and
delirium differ in septic patients with and without sepsis-
associated delirium.
Methods We investigated 23 adult patients with sepsis, severe
sepsis, or septic shock with an extracranial focus of infection
and no history of intracranial pathology. Patients were
investigated after stabilisation within 48 hours after admission to
the intensive care unit. Sepsis-associated delirium was
diagnosed using the confusion assessment method for the
intensive care unit. Mean arterial pressure (MAP), blood flow
velocity (FV) in the middle cerebral artery using transcranial
Doppler, and cerebral tissue oxygenation using near-infrared
spectroscopy were monitored for 1 hour. An index of
cerebrovascular autoregulation was calculated from MAP and
FV data. C-reactive protein (CRP), interleukin-6 (IL-6), S-100β,
and cortisol were measured during each data acquisition.
Results Data from 16 patients, of whom 12 had sepsis-
associated delirium, were analysed. There were no significant
correlations or associations between MAP, cerebral blood FV,
or tissue oxygenation and sepsis-associated delirium. However,
we found a significant association between sepsis-associated
delirium and disturbed autoregulation (P = 0.015). IL-6 did not
differ between patients with and without sepsis-associated
delirium, but we found a significant association between
elevated CRP (P = 0.008), S-100β (P = 0.029), and cortisol (P
= 0.011) and sepsis-associated delirium. Elevated CRP was
significantly correlated with disturbed autoregulation (Spearman
rho = 0.62, P = 0.010).
Conclusion In this small group of patients, cerebral perfusion
assessed with transcranial Doppler and near-infrared
spectroscopy did not differ between patients with and without
sepsis-associated delirium. However, the state of autoregulation
differed between the two groups. This may be due to
inflammation impeding cerebrovascular endothelial function.
Further investigations defining the role of S-100β and cortisol in
the diagnosis of sepsis-associated delirium are warranted.
Trial registration ClinicalTrials.gov NCT00410111.
Introduction
Sepsis-associated delirium is one of the most common causes
of delirium in intensive care units [1]. Sepsis-associated delir-
ium is not simply an unpleasant confusion or obtundation of a
patient with sepsis, but a relevant and often severe organ dys-
function that is reflected by an increase in mortality [2]. Fur-
thermore, impaired cognitive function after critical illness,
particularly in patients who suffered delirium, is increasingly
being recognised [3]. To date, the exact mechanisms of sep-
sis-associated delirium, most probably multifactorial in origin,
remain obscure. Important precipitating factors possibly
include reduced cerebral blood flow (CBF) and oxygen extrac-
APACHE II = Acute Physiology and Chronic Health Evaluation II; CAM-ICU = confusion assessment method for the intensive care unit; CBF = cer-
ebral blood flow; CRP = C-reactive protein; FV = flow velocity; IL-6 = interleukin-6; MAP = mean arterial pressure; MRI = magnetic resonance imag-
ing; Mx = index of cerebrovascular autoregulation; NIRS = near-infrared spectroscopy; NSE = neuron-specific enolase; PaCO2 = arterial partial 
pressure of carbon dioxide; SPECT = single photon emission computed tomography; TCD = transcranial Doppler; TOI = tissue oxygenation index.Critical Care    Vol 12 No 3    Pfister et al.
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tion by the brain, disruption of the blood-brain barrier and
cerebral oedema that may arise from the action of inflammatory
mediators on the cerebrovascular endothelium, abnormal neu-
rotransmitter composition of the reticular activating system,
impaired astrocyte function, and neuronal degeneration [4]. As
sedation and other treatments often obscure the neurological
picture, the diagnosis of delirium in patients with sepsis is dif-
ficult. Accordingly, there is considerable variability in reported
incidences, ranging from 8% to 70%, which seems to arise at
least in part from differences in diagnostic criteria [4]. The term
sepsis-associated delirium has recently been proposed to
replace the term septic encephalopathy in order to comply
with changes in classifications of the Diagnostic and Statisti-
cal Manual of Mental Disorders (4th edition) and the Interna-
tional Statistical Classification of Diseases and Related Health
Problems (ICD-10) [5].
Previous work on cerebral perfusion and cerebrovascular
reactivity in sepsis has yielded conflicting results. In a retro-
spective analysis, hypotension was shown to be the only pre-
dictor of delirium in post-operative patients with sepsis [6].
Bowton and colleagues [7] found low CBF in patients with
sepsis and these results suggest a role of cerebral ischaemia
in the development of sepsis-associated delirium. In contrast,
a recent study on cerebral haemodynamics in mechanically
ventilated patients with sepsis-associated delirium [8]
reported normal global CBF measured with transcranial Dop-
pler (TCD). However, a SPECT (single photon emission com-
puted tomography) study in a small group of general medical
patients showed that frontal or parietal cerebral perfusion
abnormalities occur in delirium [9]. To date, two studies have
been undertaken to address the issue of cerebral autoregula-
tion in patients with sepsis, again yielding inconclusive results.
Matta and Stow [10] reported intact pressure autoregulation
and cerebral carbon dioxide reactivity in 10 patients with sep-
sis, whereas Smith and colleagues [11], using carotid TCD
and cardiac output measurements, demonstrated that CBF
was correlated with cardiac index in septic shock patients, a
finding the authors rated as consistent with a loss of cerebrov-
ascular autoregulation. Neither study differentiated between
patients with sepsis-associated delirium and those without
sepsis-associated delirium.
The role of biomarkers in sepsis-associated delirium is even
less clear. Potential markers for delirium have recently been
reviewed [12], but much research has focused on patients
with delirium independent of sepsis. Furthermore, it is not clear
whether the results also apply to patients with sepsis. It would
be helpful to have reliable serum markers that support the
diagnosis of sepsis-associated delirium. Recent research has
investigated the value of S-100β and neuron-specific enolase
(NSE) [13,14]. However, the endpoints of these studies were
mortality and irreversible brain injury. The results of these two
studies are contradictory and difficult to compare due to
marked differences between the protocols. Furthermore, sep-
sis-associated delirium may or may not lead to permanent
brain damage [5].
In view of the many questions regarding the pathophysiology
of sepsis-associated delirium, we addressed three aspects.
Given the CBF data, reduced cerebral perfusion is a possible
cause of sepsis-associated delirium. We, therefore, tested the
hypothesis that patients with sepsis-associated delirium have
alterations in cerebral perfusion. The response of the brain to
the intense inflammatory stimulus associated with sepsis is an
additional key factor in the development of sepsis-associated
delirium. Therefore, we tested the hypothesis that there is an
association between sepsis-associated delirium and the
inflammatory response reflected by interleukin-6 (IL-6) and C-
reactive protein (CRP). Finally, in view of the diagnostic diffi-
culties, we addressed the question of whether S-100β and
basal cortisol are potential markers for sepsis-associated
delirium.
Materials and methods
This study was approved by the regional ethics committee.
Written informed consent was obtained from all patients or
their closest relatives. Patients admitted to the intensive care
unit were eligible if they were at least 18 years old and had
sepsis, severe sepsis, or septic shock according to the criteria
of the 2001 SCCM/ESICM/ACCP/ATS/SIS (Society of Criti-
cal Care Medicine/European Society of Intensive Care Medi-
cine/American College of Chest Physicians/American
Thoracic Society/Surgical Infection Society) International
Sepsis Definitions Conference [15]. Patients with an intracra-
nial focus of infection, with a relevant pre-existing central neu-
rological disorder, or with delirium attributable to a cause other
than sepsis were excluded. All patients were studied after sta-
bilisation within 48 hours of admission to the intensive care
unit. No interventions were performed in this strictly observa-
tional study. Patient management and treatment changes were
left entirely to the discretion of the attending physicians.
Sepsis-associated delirium was diagnosed using the confu-
sion assessment method for the intensive care unit (CAM-ICU)
[16]. Sedated patients were examined at the end of the rou-
tinely performed daily sedation pause. Patients in whom seda-
tion was not stopped were not assessed and were excluded
from this study. Patients with possible alcohol withdrawal delir-
ium, acute or chronic hepatic failure, or uncorrected metabolic
derangements were excluded. Routine monitoring included
electrocardiography, pulse oximetry, and mean arterial pres-
sure (MAP) measured directly in the radial or femoral artery.
During the examination, patients were in the supine position
with a head elevation of no more than 30°. As a surrogate for
cerebral oxygenation, a tissue oxygenation index (TOI) was
assessed by near-infrared spectroscopy (NIRS) [17] with
measurements performed bilaterally over the frontal to fron-
toparietal area (NIRO-200; Hamamatsu Photonics K.K.,
Hamamatsu City, Japan). Using TCD with a 2-MHz probeAvailable online http://ccforum.com/content/12/3/R63
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(Multidop T; DWL, Singen, Germany), blood flow velocity (FV)
in the middle cerebral artery of both hemispheres was moni-
tored for 1 hour. Analogue outputs from arterial pressure mon-
itoring and TCD were transferred to a laptop computer via an
analogue-to-digital converter and processed using the 'ICM+
software', version 6.1, from the University of Cambridge, UK
[18]. Cerebrovascular autoregulation was assessed by calcu-
lating a moving correlation coefficient (the index of cerebrov-
ascular autoregulation, Mx) between MAP and FV as
described previously [19]. Briefly, values of MAP and FV that
are calculated every 10 seconds by the bedside software are
used for calculation of the index Mx. Mx is calculated every 60
seconds as the moving linear correlation coefficient between
the last 30 consecutive values of MAP and FV. A positive cor-
relation coefficient indicates impaired autoregulation, and a
correlation coefficient close to zero or negative indicates intact
autoregulation. Values of Mx of greater than 0.3 have been
shown to be associated with disturbed autoregulation [20].
For analysis, data from the two hemispheres were averaged
and the mean of each parameter over the 60-minute recording
period was used for subsequent analyses.
CRP, IL-6, S-100β, and cortisol were determined during each
monitoring session. IL-6 was measured using a solid-phase
enzyme-labelled chemiluminescent sequential immunometric
assay (Immulite 2000 IL-6; Siemens Medical Solutions Diag-
nostics, Los Angeles, CA, USA). For S-100β, the manufac-
turer (Roche Diagnostics GmbH, Mannheim, Germany)
proposes a cutoff of 0.105 μg/L on a detection range of 0.005
to 39 μg/L for patients with possible cerebral damage (sensi-
tivity 99%, specificity 33%). Cortisol was measured with an
Immulite 2000 cortisol assay (Siemens Healthcare Diagnos-
tics, Los Angeles, CA, USA). The reference range for diurnal
variation given by the manufacturer is 138 to 690 nmol/L.
A non-parametric approach was used for analysis as data are
clearly not normally distributed. Comparisons were made
using the Mann-Whitney U test. Calculations were performed
with SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA).
Data are shown as median (range) unless specified otherwise.
A two-tailed P  value of less than 0.05 was considered
significant.
Results
Between January and July 2007, 23 consecutive patients were
eligible for inclusion and consented to participate. Seven
patients had to be excluded from the analysis. One patient
developed an acute intracranial pathology manifesting with a
unilaterally dilated pupil, coma, and death. In six patients, con-
tinuous deep sedation precluded a reliable assessment of
delirium with the CAM-ICU. Sepsis-associated delirium was
diagnosed in 12 of the remaining 16 patients. The median
patient age was 74.5 (18 to 90) years, 38% were female, and
the median APACHE II (Acute Physiology and Chronic Health
Evaluation II) score at admission was 22.5 (9 to 36). Patients
with sepsis-associated delirium had higher median APACHE II
scores (23 versus 13) but this difference did not reach statis-
tical significance (P = 0.09). Thirty-day mortality was 38%. All
patients who died had sepsis-associated delirium. Patient
characteristics are shown in Tables 1 and 2. The median Glas-
gow Coma Scale score was lower in patients with sepsis-
associated delirium (11 [5 to 14] versus 15 [11 to 15]; P =
0.028). Recombinant activated protein C was not used in this
group of patients.
Haemodynamic, respiratory, and cerebral perfusion data are
shown in Table 3. Seven patients, all of whom had sepsis-
associated delirium, required noradrenaline for haemodynamic
support. There was no significant difference in MAP or cere-
bral perfusion assessed with TCD and NIRS in the two groups
of patients. However, the calculated index of autoregulation
was significantly different between these groups (P = 0.015)
(Figure 1). There were no significant correlations between Mx,
the index of autoregulation, and APACHE II score or Mx and
catecholamine requirements.
Patients with sepsis-associated delirium had higher CRP lev-
els (P = 0.008) (Figure 1). In contrast, no significant differ-
ences were found for IL-6 levels (378 [21 to 8,299] versus 86
[42 to 1,117] pg/mL; P = 0.3) in patients with and without
sepsis-associated delirium, respectively. Interestingly, higher
CRP levels were correlated with increasingly disturbed
autoregulation (Spearman rho = 0.621, P = 0.01) (Figure 2).
With regard to possible serum markers, we found significant
associations with sepsis-associated delirium for both S-100β
(P = 0.029) and cortisol (P = 0.011) (Figure 1). S-100β, but
not cortisol, discriminated between survivors and non-survi-
vors (0.103 [0.036 to 0.193] and 0.247 [0.153 to 0.638] μg/
L, respectively; P = 0.003).
Discussion
In our small group of patients, cerebral perfusion assessed
with TCD and NIRS did not differ between patients with and
without sepsis-associated delirium. However, the state of
autoregulation differed between the two groups. The correla-
tion between CRP and Mx suggests that this may be due to
inflammation impeding cerebrovascular endothelial function.
The potential delirium markers S-100β and cortisol were differ-
ent in patients with and without sepsis-associated delirium.
The concept of inadequate cerebral perfusion as one contrib-
utor to brain damage in sepsis is supported by earlier work
showing reduced CBF in patients with sepsis by means of the
xenon-133 clearance technique [7]. Wijdicks and Stevens [6],
though in a retrospective design, found severe hypotension to
be the only predictor of sepsis-associated delirium in a multi-
ple logistic regression analysis. In our patients, MAP was a
therapeutic target and was tightly controlled, which may
explain why we did not find an association between MAP andCritical Care    Vol 12 No 3    Pfister et al.
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sepsis-associated delirium. A recent study, also using TCD,
found normal FV in patients with sepsis-associated delirium
[8]. In our patients, the results of the TCD measurements were
highly variable (Table 3). In our opinion, it is not possible to
define a normal range of FV in such a group of patients. Differ-
ences in patient age, sedation, arterial partial pressure of car-
bon dioxide (PaCO2), and other factors will influence not only
CBF but also the relationship between CBF and FV. It is,
therefore, impossible to draw conclusions on absolute CBF
between the groups of patients with and without sepsis-asso-
ciated delirium on the basis of a single 'snapshot' measure-
ment of FV.
NIRS is an increasingly used non-invasive tool to assess cere-
bral oxygenation. The TOI has been satisfactorily validated
[17], and recent work has confirmed that it is not influenced by
external factors such as haemoglobin concentration or skull
thickness [21]. We did not find conclusive differences in TOI
in our patients. There are at least three possible explanations
for this. First, disseminated small hypoxic areas or leucoen-
cephalopathic lesions, as documented in a recent magnetic
resonance imaging (MRI) study of nine patients with septic
shock [22], are probably too small to be detected by NIRS.
Second, we placed the NIRS optodes over the frontal to fron-
toparietal region. While a SPECT study in medical patients
with delirium found regional CBF changes in these areas [9],
it is possible that these areas are not very susceptible to
ischaemia in sepsis-associated delirium. Lower brain struc-
tures such as basal ganglia and the thalamus might be more
important in the development of sepsis-associated delirium. In
a case report of a patient with severe sepsis-associated delir-
ium, MRI demonstrated abnormalities in the midbrain, vermis
of the cerebellum, and medial portions of both temporal lobes.
Extensive infarction of the basal ganglia was revealed at the
autopsy of this patient [23]. Another explanation could be that
brain ischaemia, though suggestive, is not the only cause of
neuronal damage in sepsis-associated delirium. Apoptotic
neuronal death in sepsis has been reported by several authors
[24,25] and it has been suggested that this is triggered by the
pro-inflammatory mediator nitric oxide rather than by ischaemia
[26].
To date, two studies have investigated cerebral autoregulation
in patients with sepsis, yielding inconclusive results [10,11].
Our results suggest that sepsis-associated delirium, but not
sepsis per se, is associated with impaired pressure autoregu-
lation. Cerebrovascular autoregulation is dependent on cere-
bral endothelial function, and endothelial dysfunction is a key
feature in sepsis. One of its characteristics is an inhibition of
vasodilatation [27]. If this also occurred in the cerebral circu-
lation, it could explain autoregulatory failure. Currently, there
are only few data on cerebral endothelial dysfunction in sepsis.
Cerebral perivascular oedema, another possible consequence
of endothelial dysfunction, has been described in animal mod-
Table 1
Patient characteristics I
Patient Delirium (CAM-ICU criteria) Gender Age, years APACHE II score Source of sepsis Causative organism
1 Yes (I, II, III) Male 55 12 Pneumonia Unknown
2 Yes (I, II, III, IV) Male 81 26 Pneumonia Unknown
3 Yes (I, II, III, IV) Male 70 16 Pneumonia Streptococcus pneumoniae
4 Yes (I, II, IV)a Male 74 21 Abdominal Unknown
5 Yes (I, II, IV)a Male 70 23 Pneumonia Enterobacter cloacae
6 Yes (I, II, IV) Female 75 32 Abdominal Escherichia coli
7 Yes (I, II, IV)a Female 79 23 Pneumonia Streptococcus pyogenes
8 Yes (I, II, IV)a Female 76 26 Prosthetic joint infection Staphylococcus aureus
9 Yes (I, II, IV)a Female 68 22 Abdominal Unknown
10 Yes (I, II, IV) Male 83 36 Pneumonia Enterobacter aerogenes
11 Yes (I, II, IV) Male 85 22 Abdominal Bacteroides fragilis
12 Yes (I, II, IV)a Male 75 31 Abdominal Bacteroides fragilis
13 No Female 59 27 Pneumonia Unknown
14 No Male 52 9 Pneumonia Streptococcus pneumoniae
15 No Male 90 15 Necrotizing cholecystitis Klebsiella oxytoca
16 No Female 18 11 Pneumonia Unknown
Identified criteria of the confusion assessment method for the intensive care unit (CAM-ICU): I, acute onset of changes or fluctuations in the 
course of mental status; II, inattention; III, disorganized thinking; IV, altered level of consciousness. aPatient died. APACHE II, Acute Physiology 
and Chronic Health Evaluation II.Available online http://ccforum.com/content/12/3/R63
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els by several authors [24,25,28]. If the cerebrovascular
endothelium is affected to a relevant degree, this could poten-
tially have implications for therapy. Perhaps, high cerebral per-
fusion pressures should be avoided in order to decrease
oedema formation. The significant correlation between Mx and
CRP does not imply a causal relationship between inflamma-
tion and autoregulation. However, one could speculate that
disturbance of autoregulation may be the result of the inflam-
matory response. An association between IL-6 and autoregu-
lation would have supported this concept. However, such a
relationship was not found in our patients. This may be
explained by the fact that fluctuations of IL-6 occur much more
rapidly than CRP levels or that changes in autoregulatory sta-
tus have a different temporal pattern than changes in IL-6.
However, further investigations into the relationship between
inflammation and cerebrovascular function are warranted. It
would be valuable if, for example, monitoring of autoregulation
could be used to quantify the effects of an inflammatory insult
to the brain.
In our patients, elevated CRP, S-100β, and cortisol were asso-
ciated with sepsis-associated delirium. The association
between CRP and delirium has been described previously in
non-septic patients [29]. With regard to S-100β, our data are
consistent with those from patients with delirium after cardiac
surgery [30]. Is this increase in S-100β due to brain injury?
The interpretation of S-100β, a protein found predominately in
astrocytes and Schwann cells, is difficult. Even when an
increase in S-100β is not due to extracranial sources, includ-
ing the heart, skeletal muscle, and kidneys [31], it is not abso-
lutely specific for brain damage [32] but may also indicate a
disturbance of the blood-brain barrier [33]. It has been sug-
gested that low values reflect blood-brain barrier dysfunction,
whereas higher values reflect brain damage. A cutoff value has
been suggested based on a pharmacokinetic model [34].
However, S-100β cutoff values depend on the kit used, and
comparisons can be made only when identical kits have been
used. In our patients, we found moderate elevations of S-
100β, but we cannot differentiate between blood-brain barrier
dysfunction and glial or neuronal damage. Some of our
patients had acute renal failure and haemofiltration, but neither
renal failure [13] nor haemofiltration [35] influences S-100β
levels. We did not measure NSE, another possible marker of
brain damage. However, in a large study including 170
patients with severe sepsis and septic shock, a similar propor-
tion of patients showed increased S-100β and NSE levels,
with S-100β being a better predictor of disease severity [13].
Elevated cortisol levels have been associated with delirium in
Cushing syndrome and high-dose steroid treatment [12].
Table 2
Patient characteristics II
Patient Timea Intubated PaO2
b Glcc Heparin, IU/24 hours NAd DOBe Steroidsf Sedationg
1 30 10.2 (8.0) 13.3 10,000 L, H
2 42 13.6 (11.0) 8.3 22,000 L, H, Q
3 39 X 9.2 (7.6) 8.0 10,000 X M, F
4 37 8.3 (8.3) 6.3 LMWH 5,000 X P, M
5 30 X 11.3 (9.1) 9.6 15,000 18 P, M
6 39 X 16.2 (9.3) 5.3 10,000 14 X P, Mi, M
7 29 11.5 (8.4) 6.5 20,000 7 300 None
8 42 8.6 (6.8) 5.3 20,000 11 400 M
9 48 X 13.4 (12.1) 6.9 10,000 26 X Mi, M
10 46 X 15.0 (10.2) 7.0 LMWH 2,500 20 X Mi, F, M
11 48 X 11.3 (8.6) 5.7 LMWH 5,000 18 X P, M, R
12 42 18.5 (15.1) 7.6 15,000 P, M
13 25 X 19.2 (9.3) 4.8 LMWH 5,000 P, F
14 6 13.8 (12.0) 6.7 None X None
15 44 11.7 (11.6) 6.1 LMWH 5,000 300 M, H
16 26 11.8 (11.2) 6.8 LMWH 5,000 None
Patients 1 to 12: sepsis-associated delirium present; patients 13 to 16: no sepsis-associated delirium. aTime, time interval (hours) between 
admission to the intensive care unit and measurements. bPaO2, partial pressure of oxygen during measurement (lowest recorded value between 
admission to the intensive care unit and measurement). cGlc, blood glucose levels (mmol/L). dNA, noradrenaline: μg/minute during measurement. 
eDOB, dobutamine: μg/minute during measurement. fPatient 3: 3 × 100 mg hydrocortisone per 24 hours; patient 14: 25 mg methylprednisolone 
per day; all other patients: 4 × 50 mg hydrocortisone per 24 hours. gF, fentanyl; H, haloperidol; L, lorazepam; M, morphine; Mi, midazolam; P, 
propofol; Q, quetiapine; R, remifentanil. LMWH, low-molecular-weight heparin.Critical Care    Vol 12 No 3    Pfister et al.
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However, to our knowledge, there are only two small studies
investigating cortisol as a marker for delirium in general medi-
cal or surgical patients [36,37]. A further study suggested that
patients who fail to suppress their cortisol production after a
suppression test with dexamethasone are at increased risk for
delirium [38]. While this view is interesting, there are several
important issues that preclude our finding from supporting the
Table 3
Haemodynamics, cerebral perfusion, and respiratory parameters
Sepsis-associated delirium No sepsis-associated delirium P value
Mean arterial pressure, mm Hg 75 (57–87) 85 (73–94) 0.1
FV, cm/second 76 (40–97) 48 (45–98) 0.3
Cerebral TOI, percentage 59 (49–74) 65 (59–69) 0.2
SaO2, percentage 97 (91–100) 99 (93–100) 0.2
PaCO2, kPa 5.4 (3.7–9.4) 5.3 (4.5–5.5) 0.7
Ear temperature, °C 37.1 (35.0–38.6) 37.3 (36.3–38.5) 0.5
All values are shown as median (range) and represent means of data collected during a 60-minute measurement. FV, cerebral blood flow velocity 
in the middle cerebral artery; PaCO2, arterial partial pressure of carbon dioxide; SaO2, arterial oxygen saturation; TOI, tissue oxygenation index. 
TOI and FV are averaged values from both cerebral hemispheres. P values were calculated with the Mann-Whitney U test.
Figure 1
Autoregulation, C-reactive protein (CRP), S-100β, and cortisol are significantly different in patients with and without sepsis-associated delirium  (SAD) Autoregulation, C-reactive protein (CRP), S-100β, and cortisol are significantly different in patients with and without sepsis-associated delirium 
(SAD). a.u., arbitrary units; Mx, index of cerebrovascular autoregulation.Available online http://ccforum.com/content/12/3/R63
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hypothesis that cortisol is a useful marker of sepsis-associated
delirium. First, high cortisol levels may simply be an indicator
of a high degree of the systemic inflammatory response (that
is, an indicator of more severe disease) [39]. Second, some of
our patients had hydrocortisone therapy (Table 2), again pos-
sibly reflecting more severe disease. Accordingly, the associ-
ation between high cortisol levels and sepsis-associated
delirium would reflect severity of disease rather than a direct
relationship. It is plausible that patients with more severe sep-
sis are at higher risk of developing sepsis-associated delirium.
Despite the fact that we did not find a significant association
between sepsis-associated delirium and APACHE II score,
others reported such a relationship [40]. Finally, a further con-
cern is related to the method of measurement. It was recently
shown that immunoassay estimation of total plasma cortisol in
septic patients, as performed in our study, shows wide assay-
related variation [41].
There are several limitations to the present study. First, the
number of investigated patients is small. Therefore, these pre-
liminary results need to be confirmed in a larger group of
patients. We could not control PaCO2  in this group of
patients. Performing measurements at standardised PaCO2
levels was not feasible in this observational study as a relevant
number of our patients either were breathing spontaneously
or, if intubated, had a ventilator-assisted form of spontaneous
breathing. While PaCO2 was stable during measurements, it is
a key denominator of CBF and cerebrovascular autoregula-
tion. This aspect is further complicated by the conflicting data
on cerebrovascular CO2 reactivity in sepsis. A recent study
found normal CO2 reactivity in 10 mechanically ventilated
patients with sepsis-associated delirium [8]. This is supported
by earlier work by Bowton and colleagues [7] and Matta and
Stow [10]. However, Terborg and colleagues [42] found
impaired CO2  reactivity, and Bowie and colleagues [43]
reported values ranging from reduced to exaggerated CO2
responses. Autoregulation is also influenced by temperature
[44], and again we could not control for this parameter. How-
ever, the range of temperatures at which we performed our
measurements was moderate (Table 2).
Conclusion
In this small group of patients, cerebral perfusion assessed
with TCD and NIRS did not differ between patients with and
without sepsis-associated delirium. However, the state of cer-
ebrovascular autoregulation differed significantly between the
two groups. This may be due to inflammation impeding cere-
brovascular endothelial function, a concept that is supported
by the significant correlation between elevated CRP and dis-
turbed autoregulation. Further investigations defining the role
of S-100β and cortisol as aids in the diagnosis of sepsis-asso-
ciated delirium are warranted.
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Figure 2
Higher values of C-reactive protein (CRP) are significantly correlated  with increasingly disturbed autoregulation Higher values of C-reactive protein (CRP) are significantly correlated 
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patients with sepsis-associated delirium. a.u., arbitrary units; Mx, index 
of cerebrovascular autoregulation.
Key messages
￿  In this small group of patients, cerebral perfusion 
assessed with transcranial Doppler and near-infrared 
spectroscopy did not differ between patients with and 
without sepsis-associated delirium.
￿  We found a significant association between disturbed 
cerebrovascular autoregulation and sepsis-associated 
delirium.
￿  A significant correlation between higher values of C-
reactive protein and increasingly disturbed cerebrovas-
cular autoregulation suggests a harmful effect of inflam-
mation on cerebrovascular endothelial function.
￿  The significant associations between sepsis-associated 
delirium and elevated S-100β and cortisol suggest that 
further investigations defining the role of these markers 
as aids in the diagnosis of sepsis-associated delirium 
are warranted.Critical Care    Vol 12 No 3    Pfister et al.
Page 8 of 9
(page number not for citation purposes)
acquired funding, and drafted and revised the manuscript. All
authors read and approved the final manuscript.
Acknowledgements
We thank Allison Dwileski for her support in preparation of this manu-
script. This project was funded exclusively by the Foundation for 
Research in Anaesthesia and Critical Care Medicine of the Department 
of Anaesthesia, University Hospital Basel, Basel, Switzerland.
References
1. Bleck TP, Smith MC, Pierre-Louis SJ, Jares JJ, Murray J, Hansen
CA: Neurologic complications of critical medical illnesses.  Crit
Care Med 1993, 21:98-103.
2. Sprung CL, Peduzzi PN, Shatney CH, Schein RM, Wilson MF,
Sheagren JN, Hinshaw LB: Impact of encephalopathy on mor-
tality in the sepsis syndrome. The Veterans Administration
Systemic Sepsis Cooperative Study Group.  Crit Care Med
1990, 18:801-806.
3. Hopkins RO, Jackson JC: Long-term neurocognitive function
after critical illness.  Chest 2006, 130:869-878.
4. Papadopoulos MC, Davies DC, Moss RF, Tighe D, Bennett ED:
Pathophysiology of septic encephalopathy: a review.  Crit Care
Med 2000, 28:3019-3024.
5. Ebersoldt M, Sharshar T, Annane D: Sepsis-associated delirium.
Intensive Care Med 2007, 33:941-950.
6. Wijdicks EF, Stevens M: The role of hypotension in septic
encephalopathy following surgical procedures.  Arch Neurol
1992, 49:653-656.
7. Bowton DL, Bertels NH, Prough DS, Stump DA: Cerebral blood
flow is reduced in patients with sepsis syndrome.  Crit Care
Med 1989, 17:399-403.
8. Thees C, Kaiser M, Scholz M, Semmler A, Heneka MT, Baumgar-
ten G, Hoeft A, Putensen C: Cerebral haemodynamics and CO2-
reactivity during sepsis syndrome.  Crit Care 2007, 11:R123.
9. Fong TG, Bogardus ST Jr, Daftary A, Auerbach E, Blumenfeld H,
Modur S, Leo-Summers L, Seibyl J, Inouye SK: Cerebral per-
fusion changes in older delirious patients using 99mTc
HMPAO SPECT.  J Gerontol A Biol Sci Med Sci 2006,
61:1294-1299.
10. Matta BF, Stow PJ: Sepsis-induced vasoparalysis does not
involve the cerebral vasculature: indirect evidence from
autoregulation and carbon dioxide reactivity studies.  Br J
Anaesth 1996, 76:790-794.
11. Smith SM, Padayachee S, Modaresi KB, Smithies MN, Bihari DJ:
Cerebral blood flow is proportional to cardiac index in patients
with septic shock.  J Crit Care 1998, 13:104-109.
12. Marcantonio ER, Rudolph JL, Culley D, Crosby G, Alsop D, Inouye
SK: Serum biomarkers for delirium.  J Gerontol A Biol Sci Med
Sci 2006, 61:1281-1286.
13. Nguyen DN, Spapen H, Su F, Schiettecatte J, Shi L, Hachimi-
Idrissi S, Huyghens L: Elevated serum levels of S-100beta pro-
tein and neuron-specific enolase are associated with brain
injury in patients with severe sepsis and septic shock.  Crit
Care Med 2006, 34:1967-1974.
14. Piazza O, Russo E, Cotena S, Esposito G, Tufano R: Elevated
S100B levels do not correlate with the severity of encephalop-
athy during sepsis.  Br J Anaesth 2007, 99:518-521.
15. Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D,
Cohen J, Opal SM, Vincent JL, Ramsay G: 2001 SCCM/ESICM/
ACCP/ATS/SIS International Sepsis Definitions Conference.
Intensive Care Med 2003, 29:530-538.
16. Ely EW, Margolin R, Francis J, May L, Truman B, Dittus R, Speroff
T, Gautam S, Bernard GR, Inouye SK: Evaluation of delirium in
critically ill patients: validation of the Confusion Assessment
Method for the Intensive Care Unit (CAM-ICU).  Crit Care Med
2001, 29:1370-1379.
17. Al-Rawi PG, Smielewski P, Kirkpatrick PJ: Evaluation of a near-
infrared spectrometer (NIRO 300) for the detection of intracra-
nial oxygenation changes in the adult head.  Stroke 2001,
32:2492-2500.
18. Smielewski P, Czosnyka M, Steiner L, Belestri M, Piechnik S, Pick-
ard JD: ICM+: software for on-line analysis of bedside monitor-
ing data after severe head trauma.  Acta Neurochir Suppl 2005,
95:43-49.
19. Piechnik SK, Yang X, Czosnyka M, Smielewski P, Fletcher SH,
Jones AL, Pickard JD: The continuous assessment of cerebrov-
ascular reactivity: a validation of the method in healthy
volunteers.  Anesth Analg 1999, 89:944-949.
20. Lang EW, Mehdorn HM, Dorsch NW, Czosnyka M: Continuous
monitoring of cerebrovascular autoregulation: a validation
study.  J Neurol Neurosurg Psychiatry 2002, 72:583-586.
21. Yoshitani K, Kawaguchi M, Miura N, Okuno T, Kanoda T, Ohnishi
Y, Kuro M: Effects of hemoglobin concentration, skull thick-
ness, and the area of the cerebrospinal fluid layer on near-
infrared spectroscopy measurements.  Anesthesiology 2007,
106:458-462.
22. Sharshar T, Carlier R, Bernard F, Guidoux C, Brouland JP, Nardi O,
de la Grandmaison GL, Aboab J, Gray F, Menon D, Annane D:
Brain lesions in septic shock: a magnetic resonance imaging
study.  Intensive Care Med 2007, 33:798-806.
23. Finelli PF, Uphoff DF: Magnetic resonance imaging abnormali-
ties with septic encephalopathy.  J Neurol Neurosurg Psychiatry
2004, 75:1189-1191.
24. Alexander JJ, Jacob A, Cunningham P, Hensley L, Quigg RJ: TNF
is a key mediator of septic encephalopathy acting through its
receptor, TNF receptor-1.  Neurochem Int 2008, 52:447-456.
25. Jacob A, Hensley LK, Safratowich BD, Quigg RJ, Alexander JJ: The
role of the complement cascade in endotoxin-induced septic
encephalopathy.  Lab Invest 2007, 87:1186-1194.
26. Sharshar T, Gray F, Lorin de la Grandmaison G, Hopkinson NS,
Ross E, Dorandeu A, Orlikowski D, Raphael JC, Gajdos P, Annane
D: Apoptosis of neurons in cardiovascular autonomic centres
triggered by inducible nitric oxide synthase after death from
septic shock.  Lancet 2003, 362:1799-1805.
27. Vallet B: Bench-to-bedside review: endothelial cell dysfunction
in severe sepsis: a role in organ dysfunction?  Crit Care 2003,
7:130-138.
28. Ari I, Kafa IM, Kurt MA: Perimicrovascular edema in the frontal
cortex in a rat model of intraperitoneal sepsis.  Exp Neurol
2006, 198:242-249.
29. Macdonald A, Adamis D, Treloar A, Martin F: C-reactive protein
levels predict the incidence of delirium and recovery from it.
Age Ageing 2007, 36:222-225.
30. Herrmann M, Ebert AD, Galazky I, Wunderlich MT, Kunz WS, Huth
C: Neurobehavioral outcome prediction after cardiac surgery:
role of neurobiochemical markers of damage to neuronal and
glial brain tissue.  Stroke 2000, 31:645-650.
31. Fenton K: Sepsis and the BBB: brain injury, biomarkers, and
the bedside.  Crit Care Med 2006, 34:2022-2023.
32. Stocchetti N: Brain and sepsis: functional impairment, struc-
tural damage, and markers.  Anesth Analg 2005,
101:1463-1464.
33. Kapural M, Krizanac-Bengez L, Barnett G, Perl J, Masaryk T, Apollo
D, Rasmussen P, Mayberg MR, Janigro D: Serum S-100beta as a
possible marker of blood-brain barrier disruption.  Brain Res
2002, 940:102-104.
34. Marchi N, Rasmussen P, Kapural M, Fazio V, Kight K, Mayberg MR,
Kanner A, Ayumar B, Albensi B, Cavaglia M, Janigro D: Peripheral
markers of brain damage and blood-brain barrier dysfunction.
Restor Neurol Neurosci 2003, 21:109-121.
35. Mussack T, Briegel J, Schelling G, Jochum M: Hemofiltration
does not influence early S-100B serum levels in septic shock
patients receiving stress doses of hydrocortisone or placebo.
Eur J Med Res 2005, 10:81-87.
36. Gustafson Y, Olsson T, Asplund K, Hagg E: Acute confusional
state (delirium) soon after stroke is associated with
hypercortisolism.  Cerebrovasc Dis 1993, 3:33-38.
37. McIntosh TK, Bush HL, Yeston NS, Grasberger R, Palter M, Aun F,
Egdahl RH: Beta-endorphin, cortisol and postoperative delir-
ium: a preliminary report.  Psychoneuroendocrinology 1985,
10:303-313.
38. O'Keeffe ST, Devlin JG: Delirium and the dexamethasone sup-
pression test in the elderly.  Neuropsychobiology 1994,
30:153-156.
39. Legakis I, Saramantis A, Voros D, Chalevelakis G, Tolis G: Disso-
ciation of ACTH, beta-endorphin and cortisol in graded sepsis.
Horm Metab Res 1998, 30:570-574.Available online http://ccforum.com/content/12/3/R63
Page 9 of 9
(page number not for citation purposes)
40. Eidelman LA, Putterman D, Putterman C, Sprung CL: The spec-
trum of septic encephalopathy. Definitions, etiologies, and
mortalities.  JAMA 1996, 275:470-473.
41. Cohen J, Ward G, Prins J, Jones M, Venkatesh B: Variability of
cortisol assays can confound the diagnosis of adrenal insuffi-
ciency in the critically ill population.  Intensive Care Med 2006,
32:1901-1905.
42. Terborg C, Schummer W, Albrecht M, Reinhart K, Weiller C,
Rother J: Dysfunction of vasomotor reactivity in severe sepsis
and septic shock.  Intensive Care Med 2001, 27:1231-1234.
43. Bowie RA, O'Connor PJ, Mahajan RP: Cerebrovascular reactivity
to carbon dioxide in sepsis syndrome.  Anaesthesia 2003,
58:261-265.
44. Lavinio A, Timofeev I, Nortje J, Outtrim J, Smielewski P, Gupta A,
Hutchinson PJ, Matta BF, Pickard JD, Menon D, Czosnyka M: Cer-
ebrovascular reactivity during hypothermia and rewarming.  Br
J Anaesth 2007, 99:237-244.